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Abstract 
Based on the advantages and disadvantages of single air source heat pump, single solar energy heat pump and switch 
solar-air dual heat source heat pumps, a new type of solar-air composite heat source heat pump system has been 
proposed to realize the utilization and complementary advantages of two renewable energy: air and solar. It also 
provided a feasible method to improve the city's ecological environment, and plays a leading role in the villages and 
small towns’ construction. Design the composite heat exchanger with double heat sources. The heat exchanger had 
dual function of tube-fin and tube heat exchangers, break through the traditional model that heat exchanger in 
working can realize heat exchange only between the same gases or liquid heat sources, and realized the heat exchange 
between two heat sources. It laid the technological and equips mental foundation for realizing the synchronization 
and composite using of solar energy and air. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction  
Air-source heat pump has become a research hotspot by right of its advantages on high efficiency, 
energy conservation and environmental protection, and been widely applied rapidly [1-5]. The largest 
market share of the building energy field has been occupied by air-source heat pump [6]. But the 
application of air-source heat pump has been limited by local climate conditions. In winter, the 
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evaporation temperature of air-source heat pump decreases with the ambient temperature, which easily 
results in the evaporator frosting. And the heating capacity and the COP decrease obviously, but various 
solutions have been provided by the domestic and overseas scholars [7-10]. In this paper, a new solar-
assisted air source heat pump (SA-ASHP) has been constructed. In order to improve the low-temperature 
heating performance of the S-ASHP, the solar energy is used as the auxiliary heat source of the ambient 
air under the low ambient temperature condition. The low-temperature heating performances of the SA-
ASHP and the S-ASHP are respectively studied, and the experimental results have been compared and 
analyzed.
2. Working Principle 
2.1. Working Principle of the SA-ASHP
The SA-ASHP system consists of two parts which are respectively the solar-collecting system and the 
heat pump system, as shown in Fig. 1. The glycol solution is used as thermal storage medium (also named 
as solar hot water). The solar hot water had been heated in the solar collector in daytime and stored in the 
water tank. When the ambient temperature is very low in the night, it is very difficult to meet the heating 
requirement only with the air source. The solar hot water stored in the water tank would be transported to 
the two heat source complex heat exchanger (THSCHE) as the auxiliary source [11]. 
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Fig. 1:  The solar-assisted air source heat pump diagram 
2.2. Working principle of the NHTHSCHE 
The THSCHE diagram is shown in Fig. 2. With the THSCHE, the ambient air and the solar hot water 
could be used the heat source of the SA-ASHP system at the same time. As shown in Figure 2, the 
NHTHSCHE is composed of the inner tube, the outer tube and the fins outside the outer tube. The 
refrigerant flows between the inner tube and the outer tube, and the solar hot water flows in the inner tube. 
The heat exchange between the refrigerant and the solar hot water, and the heat exchange between the 
refrigerant and the air could have been going on at the same time with the THSCHE. 
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Fig. 2:  The two heat source complex heat exchanger diagram 
2.3. Experimental Device 
The refrigeration power of the S-ASHP is determined as 1HP. In order to compare the low-temperature 
heating performance of the S-ASHP and the SA-MSHP, the main components of the SA-MSHP are same 
as the S-ASHP except the outdoor units. The outdoor units adopt the THSCHE as the core component. 
The surface areas of the finned tube of the THSCHE are same as the outdoor heat exchanger of the S-
ASHP. R22 is used as the refrigerant [12]. The volume of the water tank is 2m3. The temperature of the 
solar hot water is simulated by the electric heater. 
The 2×0.3mm T-type thermocouples are used for the temperature measurement, and they had been 
calibrated according to GB/T2903-1998. The temperature signals and other analog signals are collected by 
the Agilent 34970A data collector, the data-collecting time interval is 15s. The data are recorded by a 
computer. 
The solar hot water flow is 0.2m3/h, 0.4m3/h and 0.6m3/h. According to GB/T7725-2004, three 
experimental conditions had been determined. The indoor air dry-bulb temperature and the wet-bulb 
temperature under the three experimental conditions are respectively 20℃  and 12℃ . The heating 
performances of the S-ASHP and the SA-ASHP have been experimentally studied and the experimental 
results have been compared. The indoor units and the outdoor units of the experimental heat pump have 
been respectively installed in the two experimental rooms of the constant temperature and constant 
humidity laboratory. The two experimental rooms are respectively used to simulate the indoor 
environmental condition and the outdoor environmental condition. 
3. Coupling Performance Analysis 
Heat source heat load ratio refers to the heat source for the use of hybrid gas-liquid two-composite heat 
source heat pump system, when both of two solar thermal coal and thermal coal to heat the air to work, 
each provided by a heat medium heat and Evaporator heat transfer ratio. 
Fig. 3 for each condition, the composite heat source heat pump system with solar heat load than the 
medium temperature and flow curves. Graph data, in the same environment conditions, the same solar 
heat medium flow, with the increase in solar heat medium temperature, solar heat medium side heat 
transfer has been strengthened, solar thermal coal to provide heat for the heat pump increasing the 
proportion of And eventually all the heat from the outside heat pump system solar thermal media, the 
media is no longer absorb heat from the air, heat, external heat pump system all the time from solar heat 
medium temperature solar thermal media, the difference between the ambient temperature heat source 
heat pump for the composite System in the condition of the composite heat source maximum effective 
temperature, if the media continue to raise the temperature of solar thermal, solar thermal coal will result 
in heat and mass transfer through the heat pump to the air, resulting in the loss of solar heat medium heat. 
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In the same environment conditions, the same medium temperature solar thermal, solar thermal coal with 
solar thermal heat load than the increase of media traffic, air source heat with solar heat load ratio 
decreased with increasing medium flow, the same is due to solar Increase heat medium flow of solar heat 
medium side heat transfer enhancement results. 
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q a
ir/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h
 G
sw
=0.4m3/h
 G
sw
=0.6m3/h
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q s
w
/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h 
 G
sw
=0.4m3/h 
 G
sw
=0.6m3/h 
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
(a) Ambient temperature=7℃                                               (b) Ambient temperature=2℃
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q s
w
/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h
 G
sw
=0.4m3/h
 G
sw
=0.6m3/h
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q s
w
/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h 
 G
sw
=0.4m3/h 
 G
sw
=0.6m3/h 
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
(c) Ambient temperature=-5℃                                             (d) Ambient temperature=-7℃
-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q s
w
/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h 
 G
sw
=0.4m3/h 
 G
sw
=0.6m3/h 
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
-16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
Q s
w
/Q
e
Q a
ir/Q
e
t
sw,in(℃)
Q
air/Qe                   Qsw/Qe
 G
sw
=0.2m3/h 
 G
sw
=0.4m3/h 
 G
sw
=0.6m3/h 
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
(e) Ambient temperature=-10℃                                              (f) Ambient temperature=-15℃
Fig. 3:  Heat load ratio increases with the solar heating medium temperature 
4062  Yin Liu et al. / Procedia Engineering 15 (2011) 4058 – 4062Y. Liu / Procedia Engineering 00 (2011) 000–000 5
88-393. 
4. Conclusion 
Based on the characteristics of composite heat coupling heat transfer, put forward the important 
conceptions: "composite heat source effective temperature differences" and "the maximum composite heat 
source effective temperature differences". According to the results of the experiments, we fitted the 
correlation of the maximum composite heat source effective temperature differences, which can be used 
as the forecast to the effective temperature differences range. The research had the vital significance to 
SACHP heat working mode, control strategy, system design and application scope limits. 
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